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Introduction
Biofuels are an increasingly controversial issue, in particular in developing countries.
On one hand, the proponents of the use of biofuels in developing countries point out that three quarters of the world's poor consume only 10% of the global energy supply (Bazilian et al., 2010) . 1 Because energy poverty constrains poverty reduction efforts (Lee & Chang, 2008; Odhiambo, 2009; Kebede et al., 2010) , diversification of energy resources, including biofuels, is viewed as a way to improve energy access and security -and thereby development. Sovacool (2012) , for example, argues that decentralized production and distribution of biofuel energy in poor countries is a 'low hanging fruit' to expand energy access to energy deprived population in low-income countries. On the other hand, those opponents of biofuels argue that biofuels cause environmental problems and worsen food security. This is reflected in the 'food' versus 'fuel' debate (Bindraban et al., 2009; Cotula et al., 2008; Pimentel et al., 2009; FAO, 2008) .
Empirically, the research on the relationship between food security and biofuels reaches conflicting conclusions. Some studies on the impact of biofuels suggest that biofuel investments provide alternative income through employment, boost economic growth, and thereby reduce the incidence of poverty and improve food security (Arndt et al., 2011; Huang et al., 2012; Negash & Swinnen, 2013) . Others show that biofuel expansion reduces the availability of food and increases food prices, thereby jeopardizing food security for the poor (FAO, 2008; von Braun et al. 2008; Mitchell, 2008; Zhang et al. 2013 ).
The debate on the costs and benefits of biofuels has been dramatically changed by two studies (Searchinger et al., 2008; Fargione et al., 2008) highlighting the so-called indirect land use change effect (ILUC) which should be taken into account when evaluating the welfare effect of biofuels. These authors pointed out to the unintended consequences of releasing more carbon emissions due to land-use changes induced by the expansion of cropland for ethanol and biodiesel in response to the increased demand for biofuels. These arguments were reinforced by the 2008 food crisis which brought the link to food prices, food security and biofuel production to the forefront. For both environmental and food security reasons, the indirect effects of biofuels are considered negative.
In this paper we argue that there may be another indirect effect of biofuels which may be particularly important for smallholder feedstock production in poor countries. Using micro-survey evidence from Ethiopia and a matched plot pair design through which we control for the effect of plot and farmer characteristics, we find that food crop productivity improved on plots intercropped with biofuel feedstock (castor) due to enhanced access to inputs and technical assistance which were provided as part of the feedstock production contracts. Our estimates are in line with studies which have identified similar spillover effects of cash crop production on food crop productivity (Maertens, 2009; Minten et al., 2007; Barrett et al., 2012) .
Our paper is the first to identify these indirect effects of biofuels on food crop productivity and to provide an estimate of the potential size. There is only limited information so far on the importance and the nature of contract farming in biofuel supply chains. Yet available studies suggest that it is present in several developing countries. Contract farming in biofuel chains is documented in Jatropha production in Zambia (German et al., 2011) and Tanzania (Portale, 2012) , in soybean in Brazil (Padula et al., 2012) , and in palm oil in Malaysia and Indonesia (Vermeulen & Goad, 2006) . Our results may therefore have far reaching implications and may potentially be important for many poor people.
The paper is organized as follows. In section 2, we describe the biofuel policies and castor production and its link with food security in Ethiopia. In section 3, we present the setup of the castor outgrower scheme in the study area and explain our empirical methodology.
Section 4 contains descriptive statistics on the farmers and plots producing the biofuel feedstock and a description of our measure of productivity. Productivity differences and econometric results are presented in section 5. Section 6 discusses and concludes.
Biofuels in Ethiopia
Ethiopia is a relevant case to study the micro-level effects of biofuels in developing countries. On the one hand, Ethiopia is a major energy importer. In fact it is considered as the number one "energy poor country" in Africa (Nussbaumer et al., 2012) . 2 Developing renewable alternative resources therefore sounds appealing. On the other hand, Ethiopia's agriculture sector is heavily dominated by subsistence smallholder farmers whose food security is vulnerable and who are often food aid recipients (Devereux & Guenther, 2009 ).
Biofuel policies
Enthralled by the various commonly portrayed opportunities lying ahead of the development of biofuels (such as energy source diversification, foreign currency saving, rural poverty alleviation and technology transfers), in 2007 the Ethiopian government launched an extensive biofuels expansion strategy and an ad hoc investment promotion program for two biodiesel crops: castor and jatropha. At the same time, the government established a 10%
blending requirement of ethanol with petrol, and biodiesel with diesel. While the ethanol target was successfully reached in 2012 in major cities, progress regarding the biodiesel target is meager. The government manages a vertically coordinated ethanol production system while biodiesel is left largely to private operators.
The availability of land, especially in under-developed regions makes Ethiopia attractive for the potential production of biofuel. According to government reports, 23.3 million hectares (20% of the total country area) are available for the plantation of both castor and jatropha (MoME, 2007) . Even taking the more modest estimate by the World Bank (2011) of 7 million hectares of non-cultivated and non-protected land and the high dependency of the country on oil imports, the development of a biofuel industry presents a notable opportunity to improve energy access and substitute fuel import for small-scale rural use, if not for transport or industrial sector.
From 2007 onwards, the Government of Ethiopia has specifically supported the economic attractiveness of biofuel production and the expansion of investments in the sector by providing incentives to investors which include tax holidays, low-cost land leases, and long term credit facilities, among others. The government's interest in biofuels was later reemphasized in the Growth and Transformation Plan (GTP). Over a five year period (2010-2015), Ethiopia's GTP foresees increasing the production of ethanol to 194.9 million liters, biodiesel to 1.6 million liters, and an increase in blending facilities to 8 for ethanol and to 72 for biodiesel. As outlined, the main objectives for promoting biofuels are to create clean energy source diversity, serve as substitute for petroleum import and create jobs for local people. The document also recognizes the important contribution of involving the private sector and smallholder farmers into the development of biofuel.
However, after a few years of enthusiasm, Ethiopia substantially downsized most of the incentives that were in place to promote the production of biofuels. The key reason behind this policy shift away from biofuel was an increasing concern over competition between food and biofuel crops and over bad management of land investments. This issue was raised by both the international and local communities and led to a substantive narrowing of land being allocated to investors for the production of biofuel feedstock. Now, only what is categorized as marginal land can be used for biofuel production (Negash & Riera, 2014) .
Castor production and food security in Ethiopia
The emerging biofuel feedstock production from private firms in Ethiopia thus far is dominated by two major non-edible crops i.e. castor beans and jatropha ( can replace diesel without any engine modification. In addition, it can be used as automotive lubricant, as raw material for the cosmetic industry and in pharmaceuticals. Second, the oil contains a toxic element and hence cannot be used as food or animal feed source. Third, it can grow on marginal soils and is said to combat desertification (Reubens et al., 2011; Wani et al. 2012 ). These last two characteristics make castor production less threatening to local food production. However, at the same time, these marginal areas where castor production is allowed are areas with low agricultural potential and/or degraded areas and are often characterized by strong food insecurity.
There are also other potential links between castor production and food security, such as the impact of castor production on the productivity of other (food) crops, through rotation or spillover effects. This is an issue which has received little attention in the biofuel literature but has been widely studied in the literature on cash crops and export agriculture (e.g. Minten et al., 2007) . In the rest of this paper, we analyze these spillover effects from biofuel crops and we study how they affect food production, and thus food security, at the household level.
Data and methodology

Data
A farmers' survey was organized in February-March 2011 soon after the main harvest season in the South Nations and Nationalities (SNNP) region of Ethiopia. The objective was to evaluate the castor contract farming system established by a company in the Gomo Gofa and Wolayta districts which are known to be heavily food insecure ( Figure A1 ) (CSA, 2011).
Castor production started in the region in 2008 with castor seeds being distributed to more than 10,000 farmers in the two districts. However, due to the low value of castor as cash crop, initial take-up was very and the company had to undertake extensive promotion campaigns to encourage farmers to grow castor. After three years of operation, adoption of castor had substantially increased.
The contract offered by the company to its suppliers is standard to most outgrowers contract schemes. Farmers receive all the necessary inputs such as fertilizer, herbicide, and technical assistance. In return they allocate part of their land for castor production and pay in seeds during harvest. The price of castor seeds is set in advance. The firm's extension workers at the village level are responsible for training farmers, facilitating group formation, input distribution and for following up the cultivation and output collection. The promoters of the crop are mainly extension agents hired by the company (83%), but government extension workers have also been involved in disseminating the information.
Following a two-stage random stratification, the data represents smallholder farmers in castor growing areas of the region. It contains information about 478 farmers in 24 villages of which 113 grow castor and 83 intercrop it. 
Empirical strategy
Evaluating the effect of technology adoption on productivity faces numerous challenges. Observable and unobservable farmers' and land characteristics are correlated with farm productivity measures because they influence technology and crop adoption decisions, input application choices and observed outcomes. Farmers and farms heterogeneity will lead to a selection bias if not properly accounted for. For example, more skilled and/or better educated farmers can be more inclined to adopt the new technology. If this is the case, comparing outcomes of adopters and non-adopters to analyze the impact of a given technology will suffer from a self-selection problem and yield inconsistent and biased results.
Hence, it is important to control for farmer differences when comparing outcomes across types of farmers. But a second challenge lies in the fact that farmers can implement the technology on their best plots or at least on plots having favorable characteristics and offering a higher productivity for the technology being adopted. Differences across plots should also be accounted for when comparing outcomes across plots.
To overcome these methodological challenges, we follow the method proposed by Barrett et al. (2004) and used in Chen & Yen (2006) and Minten et al. (2007) . Using data from adopting farmers only and detailed information on plots both under the new and old technology, we are able to isolate the productivity effect of adopting the technology, i.e. in our case castor production. We use panel data methods applied to a situation where instead of the 'time' dimension, we have different plot observations. The vast majority of farmers who adopted castor have more than one plot and at least one is intercropped with castor. Because farmers simultaneously use both technologies, i.e. at least one plot is intercropped with castor and one plot is not, we will randomly select one plot intercropped with castor and one plot without castor production. Using a sample of paired plots cultivated by the same farmer in the same season and using detailed information on plot characteristics to control for differences, we are able to measure the spillover effect from adopting castor and hence resolve the unobserved heterogeneity problem.
Following the specification from Barrett et al. (2004) and Minten et al. (2007) , the technologies on each of the two plots, the castor intercropped plot and the plot without castor, can be represented by:
Where is a measure of productivity of castor intercropped plots, a measure of productivity on plots without castor, is a t dimensional vector representing production inputs under the control of the farmer and is a s dimensional vector including exogenous plot characteristics.
Taking a standard logarithmic Cobb-Douglas function,
Differencing equations (1) and (2), we get the differential production function:
Where is the difference in productivity, the difference in input application rates on the two plots, reflects the exogenous differences in the plots and is a mean zero independent error term. All farmer-specific characteristics that are plot invariant, whether observed (e.g. education, gender, household size, rainfall) or unobserved (e.g. ability, social connections) are differenced away. Direct estimation of Equation (3) and particularly the parameter gives consistent and unbiased estimates of plot productivity differences attributable to castor production.
Descriptive statistics and food productivity indicators
Farm and farmers characteristics
The predominant farming system of the study area is a mixed crop-livestock system.
The most important food crops which farmers cultivate include diverse types of cereals and root crops and enset (commonly called "false banana") 4 . Some farmers produce some local cash crops such as fruit, ginger, coffee, and cotton. Crop production entirely depends on rainfall, which is often erratic and unpredictable and which leaves many vulnerable to food insecurity. Almost half (47%) of the families in these regions face 2 to 3 months of food shortages, according to CSA (2011).
Descriptive statistics of farmers growing castor are shown in Table 2 . 89% of the households in our sample are headed by a men. The average head has about 45 years old and 3 years of education. On average, households have 7 members of which 4 are in the labor force (productive age group). The large majority of households participate in activities benefiting the community and less than 10% of them had a mobile phone at the time of interview. Looking at an indicator of food insecurity, only 19% of the sample had a food gap 5 of at least 2 months which is considerably smaller than the regional average of 47%.
Smallholder farmers have on average 1ha of land but there is a wide dispersion. The land they cultivate is divided into 3 plots, of which 1 is intercropped with castor. The average area allocated to castor is 0.13 ha and the variation among farmers is small. On average, the contract with the company was ongoing since one and a half year. or 4 or more crops are cultivated in total being fairly equal in the sample (table 3a) . It can also be seen that there is a large diversity in terms of the crops that are cultivated together with castor. The most frequent crop is maize, closely followed by haricot beans and then coffee, sweet potato and mango (table 3b) .
Qualitative indicators (table 4) show that 67% of the households are happy with the assistance they received from the company and 53% would recommend other farmers to join the program. Slightly less than half of the sample is satisfied with the contract itself. To understand farmers' motivation, we asked them about their perceived benefits associated with growing castor. 87% of participant farmers responded that they planted castor in the expectation of higher income. Interestingly, only 10% of them stated it was mainly to benefit from higher soil productivity associated with planting castor. This suggests that a small share of farmers were aware of the soil improvement benefit of castor, especially when used in intercropping.
Analyzing possible improvements and problems, 70% of the farmers state that the company should increase the price paid for the castor beans. During interviews, several farmers indeed complained that castor was not profitable given the current market prices of other food crops. 22% of the farmers mention that assistance and technical support should be improved and 19% mention the need for additional inputs (fertilizers, seeds and pesticides).
Food productivity indicators
To measure plot level food crop productivity we use two different indicators, a measure of income and a measure of calories produced, each of which are standard practices in the literature (Govereh & Jayne, 2003; Holden, et al., 2001; Kassie, et al., 2011) . 6 First, we converted all plot level production into monetary values. We computed the food crop value aggregates using average prices from the entire sample that can be considered as a proxy for the regional market price levels. Second, we converted plot level food crop production to calorie equivalent and computed food productivity in terms of the calorie content. Using FAO and WFP guidelines, we used standard food caloric conversion rates to convert food production into energy kilo calorie (kcal) equivalent levels, (FAO, 2003; FAO/WFP, 2009 ).
To be able to compare plot productivity between plots that are intercropped with castor and plots that are not intercropped with castor, we compute a measure of income and calories produced on each plot per hectare without castor production.
Spillovers of biofuel production on productivity
Unconditional productivity differences between castor plots and non-castor plots
Unconditional productivity differences using the indicators described in section 4.2 for the two plots that were selected in the matched sampling design are presented in Because of data unavailability, we are not able to calculate the Land Equivalent Ratio, a commonly used index of intercropping benefits defined as the relative land area required as sole crop to produce the same yields as inter-cropping (Vandermeer, 1992) . 7 Since our empirical strategy involves matching one plot intercropped with castor with one plot without castor at the farm level, we lose some observations due to incomplete data. Some farmers only cultivate one crop in the main agricultural season, some others cultivate more than one plot but castor is cultivated on all of them. These cases were excluded from our analysis.
intercropped with castor. Food crop income increases from 2,221 Ethiopian Birr (ETB) to 3,982 ETB and the difference is significant at the 10% level.
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An even larger and significant difference appears when comparing food production in calories per hectare without castor across plots that are intercropped with castor and the ones that are not. Total calories produced on plots with castor is on average 112% higher.
To understand where the differences in productivity come from, it is interesting to analyzing input differences. The data in Table 5 indicate that labor input (measured as the number of man-days worked on the plot) is similar between the two types of plots but that the quantity of fertilizer applied on plots with castor is double. This reflects the fact that not only do participants receive better access to fertilizers through the contract scheme but also that they use it where they are supposed to, on the plots where castor is grown. The differences do not appear to be due to differences in irrigation because plots without castor seem to be even less irrigated than plots with castor. However, the difference should be interpreted with caution given the small number of plots with an irrigation system.
Comparing the characteristics of the plots, we see that the size of the plots where castor is grown is larger but the difference disappears if we compare the area of land cultivated excluding the land allocated to castor. On average, farmers cultivate 2 to 3 different crops on the same plot. When castor is grown, it is added as an extra crop to the plot but does not seem to reduce the number of other crops on the plot. Table 5 also presents physical characteristics of the two plots that were selected in the matched sample. The descriptive variables indicate that the plots seem to be fairly similar in several aspects such as ownership, soil type, slope and quality 5 years ago. One interesting difference emerges when we look at reported quality. The share of plots with castor considered as fertile by the farmers is smaller than the share of plots without castor that are said to be fertile. This is similar to the irrigation differences, and suggests that farmers did not decide to grow castor seeds on their more fertile plots.
Econometric results
We now turn to the econometric analysis and implement the empirical analysis described in section 3.2 to evaluate and explain the productivity differences between plots where biodiesel is grown and plots where it is not. We ran a differential productivity regression on a sample of paired randomly selected plots, plots intercropped with castor and plots without castor, each pair cultivated by the same farmer. Results are presented in table 7.
Potential sources of bias have been removed since observed and unobserved farmer and community-specific variables have been differenced away.
Results confirm that the physical characteristics of the plots do not contribute much to explain the productivity differences between the plots. Only a black soil type leads to significant higher productivity, both when measured by the calories and income indicator.
Analyzing the main variable of interest, it can be seen that the intercept is large and significant. The increase in productivity measured in terms of food calories produced ranges between 528,820 and 796,507 calories per hectare without castor, which represents an increase of 35%-52% (columns (1) - (2)). The effect decreases when controlling for the quantity of fertilizer applied on the plot but remains significant. The increase in productivity measured in terms of food income is of similar magnitude. Productivity increases by 46% (or equivalently 1,030 ETB/ha) on plots intercropped with castor (column (3)). Controlling for fertilizer use, the positive effect on productivity measured by income decreases to 25% and becomes insignificant. This confirms the fact that spillovers from castor production for biofuels are partly attributable to better access to fertilizers and inputs.
As robustness tests, we ran several alternative econometric specifications (including Random Effects and Pooled OLS models). The results of these additional analysis are presented in Appendix. All the results are qualitatively and quantitatively similar to the ones presented here, lending support to the robustness of our results.
In summary, our analysis shows that the introduction of castor production for biofuel in a poor country as Ethiopia can significantly improve food productivity of rural households who produce raw material for biofuel production. Indeed, farmers allocated around 30% of one of their plots (13% of their total land) to castor production but as this paper shows, it does not mean that 13% less food is being produced since the increase in plot productivity on the remaining of the land increased by at least 35%. Spillovers of castor production cause strong increase in food productivity, thereby offsetting the impact of reduced land used for food crops.
Conclusion
The effects of biofuels on smallholder farmers in developing countries are still lively debated. We contribute to the discussion presenting micro-evidence on the indirect impact of cultivation of a biofuel feedstock crop, castor, for poor farm households in Ethiopia. Using survey data collected in early 2011 in the SNNP region about farmers engaged in a feedstock production contract with a company, we show that large spillover effects exist. Using a matched plot design to pair plots where castor is grown and intercropped with plots where no castor is grown at the farmer level, and using two measures of productivity (i) food crop income and (ii) food calories produced, we show that productivity is between 35% and 52% higher on plots intercropped with castor. This increase in productivity seems particularly linked to enhanced access to inputs and in particular fertilizer which were provided as part of the biofuel feedstock production contract.
The effect is large but not that surprising since fertilizer use is very constrained in the region surveyed and marginal effects can be very significant in such circumstances. We show that farmers apply the inputs received on the plots where castor is grown. Contract enforcement problems common to food supply chains seem to be limited in this case, especially because of low competition in the area (for a review on contract enforcement problems in global supply chains, see Swinnen & Vandeplas, 2010) .
Spillover effects of biofuels on food crops as a result of (a) better access to fertilizer, (b) improved land quality by rotating and intercropping castor beans with other crops and (c) technical assistance by extension agents are channels through which participant households' food productivity may improve under the contract scheme. Other studies have demonstrated that such type of contracts for cash crops can have significant spillover effects on non-contracted food crops (e.g. Masakure & Henson, 2005; Minten et al., 2007) . Our findings suggest that such positive spillover effects may also occur in the case of biofuel feedstock. This paper thus help nuancing the view that biofuels necessarily harm smallholders' food security.
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Higher income 87
Higher soil productivity 10
Guaranteed market 1
Other 1
Areas of improvement b
Price of castor is too low 70
Technical assistance should be strengthened 22
Input supply should increase and be better timed 19 a Only one response was allowed. b The sum exceeds 100% because more than one response was allowed.
Source: own survey 
